Abstract. Porous epoxy was fabricated by using natural rubber latex particles as the void template which were extracted after by different types of extraction mediums such of distilled water and toluene under ultrasonic. As expected, the increase in latex content from 0.5, 1.0, 1.5 to 2.0 phr in porous epoxy produced the higher porosities as well as lower dielectric constant property. Furthermore, toluene medium extracted more NR latex particles and produced more porous in epoxy matrix compared to distilled water medium. Therefore, porous epoxy from toluene extraction exhibited better dielectric constant property, which is preferred for electronic packaging application. Besides that, the mechanical properties also showed a reasonable reduction in flexural strength and modulus of the epoxy porous obtained from toluene extraction compared to distilled water extraction.
Introduction
Epoxy resin has been widely used in electronic packaging industries due to their ease of processing and low cost [1] . Low dielectric constant (low k) materials are the subject of intense investigation and development in order to replace conventional SiO 2 dielectrics for the manufacturing of future generation microelectronic devices [2] . The primary method of lowering the dielectric constant is to make the dielectric film less dense by introducing porosity [3] . There are two fundamental routes to porosity in polymers: either blowing due to sudden gas expansion (as with polymer foams) or the removal of one or more disperse phases [4] . This paper utilizes the latter, which encompassed the technique to form porous epoxy based on template method by a mixture with epoxide, amine, and latex to produce disperse phase in an epoxy matrix, then removed the dispersed phase by extraction using two different soaking mediums, by ultrasonic technique. Ultimately, the purpose of this paper is to highlight a simple method to introduce porosity in epoxy system in order to lower the dielectric constant. In this approach, NR latex are served as templates and subsequently removed after epoxy was cured. Ultrasonic techique was chosen due to the shorter extraction time which is one hour.
Experimental
Methods and Materials Epoxy resin DER 331 (supplied by Euro Chemo-Pharma Sdn Bhd) was used as matrix in this study with density of 1.16gcm -3 . The resin was mixed with NR latex (supplied by Getah Hindus Sdn Bhd) to form immiscible system of epoxy-latex that having latex particles dispersed in epoxy matrix. The hardener used was hardener A062 which was supplied by Euro Chemo-Pharma Sdn. Bhd. with density of 0.96 g/cm³.
Sample preparation The epoxy resin and hardener were added according to 100 phr and 60 phr, respectively . The latex content was varied from 0.5 to 2.0phr, as shown in Table 1 . The series was followed the sequence of: epoxy, latex then hardener (ELH). Epoxy resin was stirred at 1000rpm using the IKA mechanical stirrer and then latex was added using dropper. NR latex was added droplet by droplet into the epoxy resin. After that, the hardener was added in the mixture of epoxy and latex until homogenous. The mixture was casted into a PP mold and allowed to cure at 100°C for 1 hour in a conventional air oven. The cured epoxy was extracted in different soaking medium using ultrasonic technique. Porous epoxy was obtained when NR latex was extracted. Testing and characterization The density of the porous sample was tested using ACCUPYC II 1340 Gas Displacement Pycnometer according ASTM D6226. Three-point bending test was performed using an Instron electrochemical universal machine (UTM). The test was carried out in accordance with ASTM D790 with dimension of 60mm x 13mm x 13mm. The fractured surface of the porous epoxy after flexural testing was studied using scanning electron microscopy (SEM) model: JEOL JSM-6460 LA. For electrical measurement, the specimens were coated with silver paste to ensure good contact. Dielectric measurement was carried out using impedence: Solartron 1260A.
Results and Discussion
Density. Figure 1 , illustrates the effect of latex content on the density of porous epoxy using distilled water and toluene as extraction medium under ultrasonic. The density of the porous epoxy was decreased when the amount of latex content increased in both extraction mediums: water and toluene, respectively. More porosities were performed at the higher latex content that lead to produce more voids thus reducing the density value of the epoxy-latex system. Density of porous epoxy using toluene as extraction medium exhibited lower density at the same latex content at 1.0, 1.5 and 2.0 phr as compared to water. Fig. 1 : Density of porous epoxy using water and toluene by ultrasonic method. Figure 2 , flexural strength for both extraction medium using ultrasonic technique decreased with increasing of latex content. Toluene shows lower values compared to water. It can be observed that the flexural strength after extracted using toluene exhibited lower flexural strength as compared to water at the same latex content at 0.5, 1.0, 1.5 and 2.0 phr, respectively. It is believed that the quantity of porous structure extracted using toluene is higher as compared to water. It is clearly shown in Figure 3 . Figure 3 (c) shows more porosity using toluene as compared to Figure 3 (b) which was extracted using distilled water. During ultrasonic cleaning process, latex particle was extracted from the epoxy to form a porous structure. The lower value means that more latex particle was extracted from the epoxy and remains porosities, thus no reinforcing effect is expected. As stress applied to the porous epoxy, it cannot be transferred through the voids neither the voids could absorb the energy, and thus acted as stress concentration point [5] . Therefore reduce the total ability of the porous epoxy to absorb load during fracture. At 2.0 phr, more voids was produced during ultrasonic cleaning process because the immiscible system of epoxy-latex. Figure 4 shows the flexural modulus of porous epoxy with water and toluene using ultrasonic technique. The flexural modulus of porous epoxy decreased from 0 to 2.0 phr of latex content for all the samples. The increasing of latex content causing more porosities which lowering the flexural modulus value. Wouterson [6] mentioned that the Young's modulus, generally decreased with increasing content of hollow microspheres. This results were inline with the density results whereby the sample become less stiffer when more porosities were introduced into the sample [7] . Figure 5 and 6 show the value of dielectric constant of porous epoxy for using water and toluene as extraction medium by ultrasonic method. The value of dielectric constant was decreased with increasing the frequency. The more latex content was added to epoxy system, the more voids and porosities were form, hence, the value of dielectric constant was decreased. As reported by Gupta, the dielectric constant decreases with increasing frequency [11] . The dielectric constant drops with the increasing volume of microballoons, which is representing increasing of void content. At low frequencies, the polarization will have more time to complete compared with that at high frequencies. Thus the degree of polarization of material is high and the dissipation of polarization is low at low frequencies. This reveals the decreasing in dielectric constant value. At low frequencies the polarization follows the change of the electric field the loss is minimal and the contribution the dielectric constant is maximal. Dielectric constant decrease continuously up to 1 MHz, it maintains a slow and steady drop in its value. At high frequencies the electric field changes too fast for the polarization effect to appear [12] . 
Flexural properties. As shown in

Dielectric constant.
Conclusions
Porous epoxy thermosets were successfully prepared from epoxy/latex/ hardener system using toluene and water as extraction medium using ultrasonic method .From the data, effect of toluene on epoxy system showed the better porosity compared to water and it can be concluded that toluene is the better extraction medium on forming the porous epoxy. As a latex content increased from 0 to 2.0 phr, the microstructure of the epoxy systems changed from dense to porous. Both the flexural strength and modulus for porous epoxy decreased with increasing the latex content. This was due to the increase in porosity % in the porous epoxy and correlated well with morphological observations obtained by SEM. Lastly, dielectric constant value for porous epoxy was found to decrease with decreasing the density of material.
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